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We study the weak decay of the At into J/i/: A H and J/tp ri A states, and relate these processes to 
the Ah ^ J/pi K N decay mode. The elementary weak transition at the quark level proceeds via the 
creation oi a. J/pi meson and an excited sud system with 1 = 0, which upon hadronization leads to 
KN or r]A pairs. These states undergo final state interaction in coupled channels and produce a final 
meson-baryon pair. The AH state only occurs via rescattering, hence making the Ah ^ J/pi K S, 
process very sensitive to the details of the meson-baryon interaction in strangeness S' = — 1 and 
isospin 1 = 0. We show that the corresponding invariant mass distribution is dominated by the 
next-to-leading order terms of the chiral interaction. The 1 = 0 selectivity of this decay, and its 
large sensitivity to the higher order terms, makes its measurement very useful and complementary 
to the K~p AH cross section data. The rates of the Ah J/pi A H and Ah J/pi rj A invariant 
mass distributions are sizable compared to those of the Ah ^ J/pi K N decay, which is measured 
experimentally, thus, we provide arguments for an experimental determination of these decay modes 
that will help us understand better the chiral dynamics at higher energies. 

PACS numbers: 11.80.Gw,13.30.Eg,14.20.Lq 


I. INTRODUCTION 


The meson-baryon interaction in the strangeness S = 
— 1 sector has been one of the favorite grounds to test 
nonperturbative chiral dynamics. The existence of the 
A(1405) resonance below the KN threshold makes the 
use of nonperturbative unitary schemes mandatory to 
study the KN interaction with its coupled channels. The 
combination of chiral dynamics and unitarity in coupled 
channels has proved very efficient in describing this in¬ 
teraction, even using the chiral Lagrangians to lowest 
order [I|, . The scheme combining these two essential 

dynamical aspects is usually referred to as the chiral uni¬ 
tary approach and has been widely used, providing good 
agreement with data [§-[l^. One of the common find¬ 
ings of this approach is the existence of two poles for the 
A(1405), one narrow around 1420 MeV, and another one, 
not so precise in the mass and wider, around 1380 MeV 
[i,®- There are many reactions supporting this two 
pole structure and reviews on the situation can be seen 
in (l3l - [lH . More recently, it has found additional sup¬ 
port from the analysis of the ttE photoproduction data 

[iMl in [Il[il[3- 

The aim for precision and the need to extend the ap¬ 
proach to higher energies has motivated the introduction 
of higher order terms of the chiral Lagrangians in the ker¬ 
nel, or potential, of the meson-baryon interaction. New 
fits to extended data, that include the valuable results of 
the K~p kaonic atom [2l| , have been performed with the 
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aim of determi ning the parameters of the higher order 
chiral potential l22 - l^ . A recent study has also 
incorporated the data of the K~p K'^'E.~, K^'EP re¬ 
actions, since they do not proceed from the lowest-order 
chiral lagrangian and, hence, they are especially sensitive 
to the higher order terms. Most of the data employed in 
all fits are coming from antikaon proton scattering and 
therefore contain contributions from both isospin 1 = 0 
and 1 = 1 components, an exception being the 
production channel, which selects 1 = 0. The chiral la¬ 
grangian models can also be tested against data from 
photoproduction [ifil - fisl. fr om pp A+7r°E° [13 and 
from K~p —7r°7r°E° reactions, but the energies 
where there is available information are essentially below 
the KN threshold where the higher order terms are rel¬ 
atively unimportant, or can be easily accommodated by 
changes in the subtraction constants in the regulariza¬ 
tion of the loop functions of the different channels. This 
is why data filtering / = 0 at high energies would be 
most welcome as a complement of the information one 
can obtain from K~p scattering data. One such oppor¬ 
tunity arises from the weak decay of the Ah into states 
containin g a J/^' and meson-baryon pairs, measured by 
the CDF [291 and LHCb collaborations. In par¬ 

ticular, the Ah —>■ J/'k K~ p decay has been employed 
very recently in to claim the presence of an exotic 
pentaquark charmonium state in the J/Atp channel. A 
recent theoretical study of the Ah —>■ J/'0 A“p(7rE) de¬ 
cay has been performed [13, finding that this type of 
reaction does filter the final meson-baryon components 
in 7 = 0. 

In the present work we focus in the study of the 
Ah — >■ J/pi K H and the Ah ^ J/pi rj ^ decay processes. 
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since they are very sensitive to the details of the meson- 
baryon interaction at high energies, in particular to the 
higher order terms, and may help us improve our knowl¬ 
edge on the parameters of the chiral lagrangian. The 
weak decay mechanism in these reactions is the same 
as that producing J/ij; and K~p or ttS, except that 
different channels are chosen in the final state interac¬ 
tion of the very few meson-baryon states which are al¬ 
lowed to be produced in a primary step by the selection 
rules. More specifically, the Af, decays weakly into J/'0 
and three quarks that hadronize to produce the primary 
meson-baryon components, which turn out to be KN and 
r]K. The final state interaction of these states in coupled 
channels allows the production of K'E. in the case of the 
Af, — >• J/ip K S decay. Thus, not having the ATS pair 
produced in the first step, it comes from rescattering of 
meson-baryon components and hence this decay process 
depends strongly on the behavior of the meson-baryon in¬ 
teraction. The coupled-channel models employed in the 
present study are based on the chiral lagrangian up to 
next-to-leading order with the parameters fixed in 
to antikaon proton scattering data, including the XS 
production channels. When implemented in the decay 
processes studied in this work, we actually confirm their 
sensitivity to the meson-baryon lagrangian, in particular 
to its next-to-leading order terms, not only on the invari¬ 
ant mass decay rate of the Af, — J/'tj) K S process, but 
also on that of the Ai, ^ J/ip rj A one, even if this process 
also receives contributions from the primary weak decay. 

The paper is organized as follows. In Sect. |TT] we 
present the formalism, describing the weak transition 
process and the implementation of final state interactions 
in Subsect. Ill A[ and giving the details of the employed 
meson-baryon interaction in Subsect. Ill Bl Our results for 
the invariant mass distributions of the Af, — >■ J/'0 A' S 
and the Af, — >■ J/'i/i 77 A processes are discussed in 
Sect. [nTl where they are compared to those for the re¬ 
lated Af, — >• J/tj} TT S, J/t/j K N decays. Our concluding 
remarks are given in Sect. IIVI 


II. FORMALISM 


A. The Ab J/il> M B process 


In the decay of the Af, into J/ip ai the elementary quark 
level we must bear in mind that the q ^ q' transitions 
at the Wqq' vertices are determined by the Kobayashi- 
Maskawa matrix elements [s^. The u ^ d and c —>■ s 
transitions are given by the cosine of the Cabibbo angle, 
cos 0 ( 7 , thus being Cabibbo favored, the 6 —>■ c transi¬ 
tion proceeds via A sin^ Oq and is Cabibbo suppressed, 
while the transition b ^ u would be doubly Cabibbo 
suppressed [s^. At the quark level, the Cabibbo fa¬ 
vored mechanism for J/ip production is depicted by the 
first part of the diagram of Fig. [TJ This corresponds 
to internal emission in the classification of topologies of 
34| . and is also the dominant mechanism in the related 


^ J/ip TT TT decay [36l - [3^ . As we can see in the fig¬ 
ure, a sud state is obtained after the weak decay. The 
next step consists in the hadronization of this final three 
quark state by introducing a qq pair with the quantum 
numbers of the vacuum, uu + dd + ss, which will then 
produce an initial meson-baryon pair. The final state in¬ 
teraction of this pair will produce a final meson-baryon 
state in S-wave, which has = 1/2“ quantum numbers. 
Since the hadronization is a strong interaction process, 
the sud quark system produced in the weak process must 
have these quantum numbers. Going back to the original 
Af, state, one finds a b quark and a ud quark pair cou¬ 
pled to isospin 1 = 0. The other observation from the 
decay mechanism is that the two Wqq' transitions occur 
in the same quark line involving the initial b and the hnal 
s quarks, thus, in this reaction the u and d quarks act 
as spectators. This means that the ud pair in the final 
sud state after the weak decay has 1 = 0 and, since the 
s quark also has / = 0, the final three-quark system has 
total 1 = 0. Hence, even if the weak interaction allows 
for isospin violation, in this case the process has filtered 
/ = 0 in the hnal state. Since isospin is conserved in the 
strong hadronization process and in the subsequent h- 
nal state rescattering interaction, the hnal meson-baryon 
component also appears in / = 0. 

Another observation concerning the hadronization is 
that, since the sud quark state after the weak decay has 
= 1/2“ and the ud quarks have the same quantum 
numbers as in the original Af, state = 1/2+ each) in 
an independent quark model used for the argumentation, 
it is the s quark the one that must carry the minus parity, 
which would correspond to an A = 1 orbit of a potential 
well. Since in the hnal meson-baryon states all the quarks 
will be in their ground state with A = 0, the s quark must 
be necessarily involved in the hadronization, as depicted 
in Fig. [TJ Then it is easy to see that we would have a su 
meson plus a uud baryon, or sd and dud or ss and sud. 
These conhgurations correspond to K~p, K^n or r](r]')A 
{ijT, cannot appear because it has 7=1). The weights of 
these components remain to be determined, for what the 
quark structure for the baryons of the octet is needed. 
This is simple and is shown in detail in [ 3 ^ . with the 
result that the sud state after the weak decay is given by 

177) = \K-p) + \K\) - ^\qA) + ^WA) , (1) 

or, equivalently, that the different possible meson-baryon 
pairs are created with a weight hi, given by 

V2 

— ^7r-S+ — 0 , ^-r/A — ^ , 

hx-p = hxon = 1, hj^+s~ = h^oso = 0 . 

As is customary is these studies we neglect the rj'A 
component, and we only have primary K~p, K^n or 77 A 
production. We can see that a TsTS pair is not produced 
in the first step. 

Next, one must incorporate the final state interaction 
of these meson-baryon pairs, which is depicted in Fig. j^j 







Weak decay 


Hadronization 



FIG. 1: Diagrams describing the production of a meson- 
baryon pair from the weak decay Ab^AJ/tp through a 
hadronization mechanism. The full and serrated lines cor¬ 
respond to quarks and the VF-boson, respectively. 


FIG. 2: Final-state interaction of the meson-baryon pair, 
where the double, full and dashed lines denote the J/tp, 
the baryons and the pseudoscalar mesons, respectively. The 
shaded circle and square stand for the production mechanism 
of the J/'ipBiCpi, as depicted in Fig. [T] and the meson-baryon 
scattering matrix tij, respectively 


The matrix element for the production of the final state, 
j, is given by 


AAj{Minv) — Vp i hj + ^ ' hiGi{Minv) tij{Minv) j , (2) 


where Gi denotes the one-meson-one-baryon loop func¬ 
tion, chosen in accordance with the model for the scatter¬ 
ing irratrix tij that will be described in the next section, 
and Mjnv is the invariant mass of the meson-baryon sys¬ 
tem in the final state. The factor Vp, which includes 
the common dynamics of the production of the different 
pairs, is unknown and we take it as constant. 

Finally, the invariant mass distribution A;, —>■ 

J/Ip (pj Bj reads 


dMinv 


(Minv) 


1 Mj 

(2^)3 Ma, 


Pj/ipPj 


2 


( 3 ) 


where and pj stand for the modulus of the three- 
momentum of the J /ip the Ab rest-frame and the mod¬ 
ulus of the center-of-mass three-momentum in the final 
meson-baryon system, respectively. The mass of the final 
baryon is denoted by Mj. 


B. Summary of the Barcelona model for 
meson-baryon scattering 

In this section we describe the model developed re¬ 
cently in Ref. [2^ with the aim of improving upon the 
knowledge of the chiral meson-baryon interation at next- 
to-leading (NLO) order in the strangeness S' = — 1 sector. 
The parameters of the Lagrangian were fitted to a large 
set of experimental scattering data in different two-body 
channels, as well as to branching ratios at threshold, and 
to the precise SIDDHARTA value of the energy shift and 
width of kaonic hidrogen [2l| . Novel to other works in the 


literature, the model was also constrained to reproduce 
the K~p —>■ , K^'EP reactions, since they become 

especially sensitive to the NLO terms, as they cannot 
proceed with the Lagrangian at lowest order, except in¬ 
directly via unitarization contributions. 

The results presented in Ref. clearly established 
the sensitivity of the NLO Lagrangian to the K~p —?► ATS 
reactions, thus yielding better constrained parameters. 
That work also investigated the influence of high spin 
hyperon resonances to the K~p —>■ ATS amplitudes. The 
resonant terms helped in improving the description of 
the scattering data, including also the differential cross 
sections of the ATS production reactions. In addition, 
by absorbing certain structures of the cross section, the 
inclusion of resonant contributions helped in obtaining 
more precise values of the low energy constants of the 
chiral unitary model. 

More especifically, and similarly to many other chiral 
unitary models, the meson-baryon amplitudes built up 
in Ref. [2^ start from a kernel obtained from the SU(3) 
chiral Lagrangian up to NLO: 


WT 

~ '^ij 




( 4 ) 


where 


and 




—^- NiNj 

4/2 J 


with 


NLO _ ddjj 2(fc^fc ^)Lij 


= 


^ , 


iV,; = 


Ali Ei T ddb 


2M,; 


N, = 


2AL 


( 5 ) 

( 6 ) 


The indices i,j stand for any of the ten meson-baryon 
channels in the neutral 5” = — 1 sector: K~p, K^n, tt^A, 
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ttOsO, 7 r-S+, TT+S-, r]A, r]E°, K+E- and K°E°. The 
quantities Mi, Mj and Ei, Ej are the masses and energies, 
respectively, of the baryons involved in the transition. 
The lowest order kernel v^'^, or Weinberg-Tomozawa 
(WT) term, is given in terms of the pion decay constant 
/ and a matrix of coefficients Cij. The other low energy 
constants are embedded in the matrices Dij and Lij of 
the NLO term, _ These matrices are well known and 
can be found, for example, in the appendices of Ref. [^ . 
It is important to stress that the inclusion of NLO terms 
in the Lagrangian implies an increase, from one to eight, 
of the chiral interaction parameters to be fitted, the un¬ 
certainty of which was limiting the predictive power of 
the NLO models. An important step to remedy this sit¬ 
uation was done in the study of Ref. [1^ by employing 
the data on KE production reactions, which are espe¬ 
cially sensitive to the NLO contributions. 

The interaction kernel cannot be employed perturba- 
tively to describe the scattering of KN states, since they 
couple strongly to many other channel states generating 
the two poles of the A(1405) and the A(1670) in / = 0, 
plus other resonances in other sectors. A nonperturba- 
tive resummation is needed to describe this system and 
the present model employs the Bethe-Salpeter equation 
in its on-shell factorized form: 


^ij — 4“ '^ilGltlj . (7) 

The loop function G stands for a diagonal matrix with 
elements: 

Gi=i f -2- \ - > (8) 

J {27rf {P - qif - Mf + ie <7? - -t le 

where Mi and mi are the baryon and meson masses of 
the channel. The logarithmic divergences of the loop 
function are treated within dimensional regularization: 


Gi 


2Mi 

(47r)^ 


1 Mf 

di + In —^—h 


mf — Mf -I- s 
2^ 



gem , r (s -I- 2yigcm)^ - {Mf - mfY 
y/s ^ _{s- 2v^gcm)^ - {Mf - mfy 



where we have taken /r = 1 GeV as regularization scale, 
and ai are subtraction constants, which are also taken as 
free parameters respecting isospin symmetry. We note 
that this model neglects the s and u-channel diagrams 
involving the coupling of the meson-baryon channel to 
an intermediate ground state baryon, which have been 
shown to contribute very moderately H, [13, HH] . 

The chiral model was complemented with the explicit 
inclusion, in the K~p —>■ K^E^, K~^E~ amplitudes, of 
two high spin resonances. From the possible candidates 
listed in the PPG (33 . and according to other resonance- 
based models [40Ll4l|. the E(2030) and the E(2250) reso¬ 
nances were selected. The spin and parity J'^ = 112'^ of 
the E(2030) are well established. Those of the 11(2250) 
are not known, but the choice J'^ = 5/2“ was adopted 


out of the two most probable assignments, 5/2“ or 9/2“ 
With the resonances included, the amplitudes 
connecting K~p, K^n states with K'^E~, ones 

should be replaced as 


tij ^ tii -j- 


i/AMpMs 


,5/2- 


^AMpMs 


,7/2+ 


( 10 ) 


The resonant amplitudes contain the appropiate 
Glebsh-Gordan coefficients projecting the i and j states 
into the isospin value / = 1 of the 5/2“ and 7/2+ res¬ 
onances included. The attempt in [26l| of incorporating 
the additional effect of the I = 0 = 3/2“ A(1890) res¬ 

onance did not produce a substantial improvement in the 
description of the data. More details on the implemen¬ 
tation of the resonant terms can be found in Ref. [2^ . 

Once the amplitudes tij{Minv) are known, we can in¬ 
sert them in Eq. to determine the matrix element 
for the decay of the A;, into J/Af and a particular final 
meson-baryon state j. 

The results presented in this work will be based on 
two of the models developed in Ref. [2^. The first one 
employs only the dynamics of the chiral Lagrangian up 
to NLO and will be referred to as Model 1. The sec¬ 
ond one, denoted by Model 2, includes the additional 
contribution of the two resonances. The low energy pa¬ 
rameters, subtracting constants and, in the case of Model 
2 , the couplings, masses, widths and form-factor cut-offs 
of the resonances, were fitted to reproduce K~p thresh¬ 
old branching ratios, as well as the K~p scattering data 
for elastic an inelastic processes, including the total and 
differential cross sections of the K~p —>■ K^E^,K^E~ 
reactions. The details on how the observables are repro¬ 
duced can be seen in Ref. [1^ . One can also find in Table 
VI of that work the resulting values of the parameters, 
noting that Models 1 and 2 are named there as NLO* 
and NLO-I-RES, respectively. Here we only give explic¬ 
itly the value of the Xj ^ f , 1-48 for Model 1 and 1.05 for 
Model 2, which informs in a global way on the goodness 
of these fits. We note that fit denoted by WT-I-RES in 
[ 2 ^, which did not incorporate the NLO terms of the 
chiral Lagrangian, was of much lower quality, producing 
a xio.f. of 2.26. 


III. RESULTS 

We start this section by presenting in Fig. [3] the cross 
section data of the K~p —>■ K°E° reaction (top pan¬ 
els) and of the K~p —>■ K~E~^ reaction (bottom pan¬ 
els), obtained employing Model 1 (left panels) or Model 
2 (right panels). The figure shows the complete results 
(solid lines), as well as the results where only the isospin 
7=1 component (dashed lines) or the 1 = 0 one (dash- 
dotted lines) have been retained. It is interesting to see 
that, in both models, the 7=1 component is dominant 
and is concentrated at lower energies. The smaller 7 = 0 
component at higher energies adds up destructively to 
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FIG. 3: (Color online) The total cross sections of the K~p reaction (top row) and the K~p —>■ K~E'^ reaction (bottom 

row) for the two different models (Model 1 and Model 2) discussed in the text. The solid lines show the results of the full 
amplitude, while the dashed and dash-dotted lines denote the 1 = 1 and 1 = 0 contributions, respectively. Experimental data 
are from 


the cross section in the case of the K~p — K'^'EP reac¬ 
tion, while it contributes to enhance the cross section in 
the K~p —^ process. We note that the tree-level 

chiral contributions to these reactions come entirely from 
the NLO Lagrangian and, upon inspecting the size of the 
coefficients, their strength in the / = 0 channel would be 
nine times larger than that in the 1 = 1 channel. The 
reversed trend observed in Fig. [3] is a consequence of the 
unitarization in coupled channels with coupling coeffi¬ 
cients determined by the fit and, consequently, by the 
data. 

As we can see in Fig. [3l the contribution of / = 0 in 
the K~p —^ ATS cross section has a maximum around 
2300 MeV for Model 1 or around 2400 MeV and less 
pronounced for Model 2, far from the peak of the data 
and of the complete amplitude, around 2050 MeV. The 
K~p —> KE reactions contain a mixture of both isospin 
components, while the decay process —>• J/?/; K S, 
studied in this paper, filters 1 = 0 and therefore provides 
additional information to the one obtained from the scat¬ 
tering data. 

Since the models of [1^ make a fitting to all K~p —>■ X 



FIG. 4: Invariant mass distributions of ttS and KN states in 
the decay modes X ^ J/'ip tt T, and Ab ^ J/p} K N, for the 
two models discussed in the text: Model 1 (dashed lines) and 
Model 2 (solid lines). The units in the y axis are obtained 
taking Vp = 1. 
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data in a range from threshold to K'E. production, we 
start presenting, in Fig. IH what are the predictions of 
Model 1 and Model 2 for the decay reactions —>■ 
J/tp K N and Af, — >• J/p} tt S, already studied in [^ . 
These are averaged distributions over the possible dif¬ 
ferent charged states. We can see that the results of 
both models are similar to those found in [s^, with the 
shape of the ttS and KN distributions lying somewhat 
in between those of the Bonn and Murcia-Valencia mod¬ 
els studied there (a different normalization is used in that 
work). We note that our ttS distributions shown in Fig. [4] 
stay over the KN ones, in contrast to what one observes 
in the models discussed in [s^, where the ttE distribu¬ 
tions cross below the respective KN ones just above the 
threshold for KN states. We have checked that this is a 
peculiarity of our NLO contributions, since we also ob¬ 
tain a crossing behavior when our interaction models are 
restricted to only the lowest order terms. It is also in¬ 
teresting to see that the numerical results in Fig. H] de¬ 
pend on the model, indicating their sensitivity on differ¬ 
ent parametrizations that fit equally well the K~p —> X 
data. Actually, as seen from Eq. ([2|), the rescattering 
term of the invariant mass distribution, which is domi¬ 
nant around the energy region of the A(1405) resonance, 
depends not only on the strong scattering amplitudes, 
tij, but also on the loop functions, Gi. Since the fitting 
procedures consider the parameters of the meson-baryon 
interaction simultaneously with those of the loop func¬ 
tions, there is some freedom on the values of these loop 
functions obtained by different strong interaction models 
that produce equivalent scattering amplitudes. In addi¬ 
tion, since the global parameter Vp is unknown by us, the 
relevant information from this figure is the ratio of the 
ttE to KN distributions, at their respective maximum 
values for instance. We obtain ratios of 4.9 and 3.5 for 
Models 1 and 2, respectively. These values are of the 
order of those found in [s^. 

In Fig. [5] we present the invariant mass distributions 
of the states from the decay process Af, —>• 

J/p) Ar+ S“. We do not show the distribution for the 
decay process Af, —>• J/ip K^ because, except for mi¬ 
nor differences associated to the slightly different physi¬ 
cal masses of the particles, it is identical to that of the 
charged channel, since these processes involve only the 
1 = 0 part of the strong meson-baryon amplitude. The 
fact that this decay hlters the 1 = 0 components makes 
the differences between Model 1 (thick dashed line) and 
Model 2 (thick solid line) to be more evident, not only in 
the strength but also in the shape of the invariant mass 
distribution. If, in order to eliminate the dependence on 
undetermined loop functions and on the unknown weak 
parameter Vp, we represented each Af, — >■ J/p) K^ 
distribution relative to its corresponding Ai, ^ J/ip K N 
one shown in Fig. [31 the difference would even be some¬ 
what enhanced. Therefore, measuring the decay of the 
Af, into J/ip K'^ and into J/ip K N could help us dis¬ 
criminate between models that give a similar account of 
the scattering K~p —>■ AT+S” processes. The hg- 


ure also shows that the 1 = 0 structure observed around 
2300 MeV results from the terms of the NLO lagrangian. 
When they are set to zero, the invariant mass distribu¬ 
tions of the two models, shown by the thin dashed and 
thin solid lines in Fig.|5l become small and structureless. 



FIG. 5: (Color online) Invariant mass distributions of K'^S~ 
states produced in the decay A;, —>■ J/p) H“, obtained for 

the two models discussed in the text: Model 1 (dashed lines) 
and Model 2 (solid lines). The thin lower lines correspond to 
omitting the NLO terms of the potential. The normalization 
is the same as in Fig. (4) 

We have observed a similar behaviour in the mass 
distributions of the reaction Af, — J/ip p A which are 
shown in Fig. | 6 l In this case, as the coefficient does 
not vanish, we see from Eq. m that the tree level term 
also contributes here, unlike the case of ATS production. 
This makes the magnitude of the Af, —>■ J/'0 77 A mass 
distribution about twenty times bigger than that of the 
Af, —>■ J/tp K S one. 

The invariant mass distributions from the Af, —>■ 
J/ip Ar+ and Af, — J/ip 77 A decays obtained in Mod¬ 
els 1 and 2 are compared with phase space in Eig.jTl The 
phase-space distributions (dotted lines for Model 1 and 
dash-dotted lines for Model 2) are obtained by taking the 
amplitude AAj as constant in Eq. ([3]) and normalizing to 
the area of the invariant mass distribution of the corre¬ 
sponding model. The comparison allows one to see that 
there are dynamical features in the meson-baryon ampli¬ 
tudes leading to a distinct shape of the mass distribu¬ 
tions. In the case of Model 1, we observe a peak between 
2250 MeV and 2300 MeV for both Af, ^ J/iP K+ S" 
and Ah ^ J/tp p A distributions. The peak resembles a 
resonance, but we should take into account that the lim¬ 
itation of the phase space at about 2500 MeV produces a 
narrower structure than that of the cross sections of the 
K~p —ATS reactions, as we can see from the 7 = 0 con¬ 
tribution in Fig. [3] (left panels), which is much broader. 
Actually, the 1 = 0 contribution of Model 2 to the cross 
sections of Fig.|3|(right panels) does not indicate any par¬ 
ticular structure, and the very different shapes that this 
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FIG. 6 : (Color online) Invariant mass distributions of 77 A 
states produced in the decay A;, —>■ J/t/i 77 A, obtained for 
the two models discussed in the text: Model 1 (dashed lines) 
and Model 2 (solid lines). The thin lower lines correspond to 
omitting the NLO terms of the potential. The normalization 
is the same as in Fig. [4] 


model predicts for Af, —J/i/; S and Af, — J/r/; 77 A 
(see the thick solid lines in Fig. IZl), peaking at about 
2400 MeV and 2200 MeV respectively, do not indicate 
the presence of a resonance since it would necessarily ap¬ 
pear in both final states at the same energy. In order 
to find extra information concerning this issue, we have 
performed an extrapolation of the models to the complex 
plane, keeping the kernel potential Vij real, i. e. calcu¬ 
lated at Re{^/s), but allowing the loop functions Gi to 
become complex. Employing this prescription, we do not 
find poles of the meson-baryon scattering amplitude in 
the second Riemann sheet around these energies. In our 
models, it is the energy dependence in the parametriza- 
tion of the next-to-leading order contribution and the 
interference of terms what creates this shape. In any 
case, what is clear is that the experimental implemen¬ 
tation of this reaction will provide valuable information 
concerning the meson-baryon interaction at higher ener¬ 
gies, beyond what present data of scattering has offered 
us. 


Although we have given the invariant mass distribu¬ 
tions in arbitrary units, one should bear in mind that all 
the figures, from Fig. [4] to Fig. [^have the same normal¬ 
ization. Since measurements for the Af, —^ J/tj) K~ p 
reaction are already available from the CDF and 
LHCb [sol - ls^ collaborations, the measurements of the 
reactions proposed here could be referred to those of the 
Af, —>• J/ip K~ p reaction and this would allow a di¬ 
rect comparison with our predictions. In this spirit, we 
note that the recent resonance analysis of 32| shows a 
A(1405) contribution which lies in between the distribu¬ 
tion found by the Bonn model in [s^ and that of the 
Murcia-Valencia model in or the Barcelona models 
presented here. 



M. [MeV] 

inv ■- 



M. [MeV] 

FIG. 7: (Color online) Comparison of the invariant mass dis¬ 
tributions of K^E~ states (upper panel) and 77 A states (lower 
panel) states obtained with Model 1 (dashed lines) and Model 
2 (solid lines) with a pure phase-space distribution (dotted 
lines) 


IV. CONCLUSIONS 


We have shown that the Af, —>■ J /'0 77 A and particu¬ 
larly the Af, —>■ J/t/i AT S reactions provide very valuable 
information concerning the meson-baryon interaction in 
the S' = — 1 and isospin 7 = 0 sector. The dynamics 
of the reaction, where the light quarks of the Af, play a 
spectator role, is such that it filters / = 0 in the final 
state. This is so because the ud quarks in the Af, baryon 
necessarily couple to / = 0 and the weak decay favors 
the b —>■ CCS transition, so there is an s-quark at the end 
of the weak process, which together with the ud pair in 
1 = 0 gives a total isospin 7 = 0. Thus, these decays may 
offer complementary information to that obtained from 
K~p — 7TS scattering data, where both 7 = 0 and 7=1 
contributions combine to give the final results. 

Our study is based on models of K~p scattering that 
include the next-to-leading order terms of the chiral La- 
grangian and some explicit 7 = 1 resonances, which do 
not contribute directly to the studied decays but their 
inclusion does modify the parameters of Model 2 with 
respect to those of Model 1. Both models produce quite 










different invariant mass distributions for the decay of 
the Ab into XS and rjA states, which are in turn quite 
different also from phase space, indicating the sensitiv¬ 
ity of these processes to the strong internal dynamics. 
The differences from phase space are more visible in 
Model 1 for both decay processes and in Model 2 for 
the Ab ^ J/ij} K 'E. one. The reason stems from the 
fact that the decay into rjA can proceed at tree level, 
while the selectivity of the Ab decay processes producing 
the J/tp does not allow the formation of a KE pair in 
a primary step. This is only produced through rescat¬ 
tering of the KN and rjA primary components. Thus 
the Ab —>■ J/ip K E reaction is directly proportional 
to the meson-baryon scattering amplitude, concretely to 
the rjA KE and KN KE components in / = 0. 
The theoretical models fitted to the K~p scattering data 
lead to Ab ^ J/ip K E mass distributions with a peaked 
structure around 2300 MeV, lying far away from the one 
around 2050 MeV in the K~p —KE cross section, which 
is dominated by / = 1. These models also predict sizable 
differences for the decay in the energy region of KE 
and rjA production, reflecting that the 1 = 0 component 
of the meson-baryon interaction, which is the one playing 


a role in the Af, decay processes studied here, is not very 
well constrained by the fitting to K~p KE data. 

All the features observed in the present work indicate 
that the actual measure of these observables would pro¬ 
vide valuable information, novel so far, that would enrich 
our knowledge of the meson-baryon interaction and help 
us make progress in our understanding of hadron dynam¬ 
ics. 
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